Population Genetic Structure of the People of Qatar  by Hunter-Zinck, Haley et al.
ARTICLE
Population Genetic Structure of the People of Qatar
Haley Hunter-Zinck,1 Shaila Musharoff,1 Jacqueline Salit,2 Khalid A. Al-Ali,3 Lotﬁ Chouchane,4
Abeer Gohar,4 Rebecca Matthews,4 Marcus W. Butler,2 Jennifer Fuller,2 Neil R. Hackett,2
Ronald G. Crystal,2 and Andrew G. Clark5,*
People of the Qatar peninsula represent a relatively recent founding by a small number of families from three tribes of the Arabian Penin-
sula, Persia, and Oman, with indications of African admixture. To assess the roles of both this founding effect and the customary ﬁrst-
cousin marriages among the ancestral Islamic populations in Qatar’s population genetic structure, we obtained and genotyped with
Affymetrix 500k SNP arrays DNA samples from 168 self-reported Qatari nationals sampled from Doha, Qatar. Principal components
analysis was performed alongwith samples from the HumanGenetic Diversity Project data set, revealing three clear clusters of genotypes
whose proximity to other human population samples is consistent with Arabian origin, a more eastern or Persian origin, and individuals
with African admixture. The extent of linkage disequilibrium (LD) is greater than that of African populations, and runs of homozygosity
in some individuals reﬂect substantial consanguinity. However, the variance in runs of homozygosity is exceptionally high, and the
degree of identity-by-descent sharing generally appears to be lower than expected for a population in which nearly half of marriages
are between ﬁrst cousins. Despite the fact that the SNPs of the Affymetrix 500k chip were ascertained with a bias toward SNPs common
in Europeans, the data strongly support the notion that theQatari population could provide a valuable resource for themapping of genes
associated with complex disorders and that tests of pairwise interactions are particularly empowered by populations with elevated LD
like the Qatari.Introduction
The population of the State of Qatar is, like many modern
societies, facing a growing threat from diabetes, obesity,
and cardiovascular disease. Recent progress via genome-
wide association studies (GWAS) has identiﬁed many
additional genetic factors that appear to inﬂate the risk
of disorders in some individuals.1–4 A drawback of the
GWAS approach has been its limitation primarily to indi-
viduals of European ancestry. Validation of risk factors
identiﬁed in European GWAS can be conducted in dif-
ferent population samples andmay often produce negative
results. For example, although PPARg is associated with
diabetes in some individuals of European descent, the
gene was found not to be not a risk factor in a Qatari
population sample.5 These results only further support
the need to uncover non-European risk factors. A study
of the population structure of the people of Qatar, as
inferred by genetic testing, is necessary in order to deter-
mine how best to perform GWAS and other genetically
assisted analyses of risk in the Qatari population.
Based on surnames and oral history, it is thought that
the bulk of the Qatari population originates from the
Arabian Peninsula, Persia, and Oman, with a minority
descending from individuals of Africa and Southeast Asia.
The people described as Arab are descendants of tribes
from the Arabian Peninsula, including coastal tribes of
pearl divers and the Hadar as well as Bedouin nomads.
The Ajam, or Iranian Qatari, are descendants of merchants
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Thof the Ajam speak Farsi. Another group, the Abd, is
descended from African slaves brought from Zanzibar
to Qatar via Oman.6 Qatar’s complex history makes the
region especially interesting in determining whether pop-
ulation genetic methods of analysis reveal patterns of
genetic polymorphism that are consistent with the coun-
try’s history.
In keeping with the customs of Islam, ﬁrst-cousin
marriages have been widely accepted in Qatar and may
have represented about half of all marriages in the region.
More recent studies indicate that the rate of ﬁrst-cousin
marriages has fallen to about 22% but that attitudes toward
consanguinity have remained accepting.7 A high level of
recurrent consanguinity would have a profound impact
on the genetic structure of a population, as well as a distinct
inﬂuence on the measures of population substructure.
Here, we perform an analysis of high-density SNP genotyp-
ing chips on a sample of 168 individuals from the Qatar
peninsula, and we attempt to reconcile the genetic infor-
mation with the historical understanding of this region.Subjects and Methods
Sample Collection and SNP Data Collection
Human subjects were recruited under ongoing protocols ap-
proved by the institutional review boards of Hamad Medical
Corporation (#392/2006, #9093/09, #373/2006) andWeill Cornell
Medical College in New York City (#0605008516, #0904010340,
#0604008489, #0806009874). All subjects received a general
medical examination, and basic demographic information and, NY 14850, USA; 2Department of Genetic Medicine, Weill Cornell Medical
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blood were collected. DNA was extracted from blood with a
QIAGEN blood kit and the DNA was quality controlled, requiring
an A260/A280 ratio of 1.8–2.1, quantiﬁed with a NanoDrop spec-
trophotometer. Frozen DNA, diluted to 50 ng/ml, was processed as
recommended by Affymetrix Genome-Wide Human SNP Array
5.0. Processing involved restriction digestion, PCR ampliﬁcation,
puriﬁcation, and labeling. Aliquots were removed during process-
ing to ensure that the size proﬁle and yield were within acceptable
limits. After hybridization and washing, the chips were scanned
and quality control was performed with select heterozygous
control SNPs. The Bayesian robust linear model with Mahalanobis
(BRLMM-P) algorithm was used to generate SNP calls, and addi-
tional quality control was performed for call rates, consistency
with self-reported ethnicity, relatedness to other samples, and
gender. Of the 168 initial subjects, we identiﬁed 156 unrelated
subjects, deﬁned as sharing less than 20% of their genome iden-
tical by descent (IBD) with any other individual as calculated via
PLINK v1.06.8 Only the 156 unrelated subjects were used in the
following analysis.
SNP Trimming for Population Structure Inference
PLINK was used to prune the 440,794 SNPs down to 67,735 SNPs
with a minor allele frequency greater than 5%, a missingness rate
less than 1%, and a Hardy-Weinberg equilibrium (HWE) deviation
p value of no less than 0.001. SNPs were pruned for pairwise
linkage disequilibrium (r2) maximum threshold of 0.5 with
PLINK’s –indep-pairwise command. We used the resulting subset
of SNPs for the STRUCTURE analysis.
Inference of Population Clustering by STRUCTURE
The 67,735 SNPs were used in the program STRUCTURE to infer
the clustering of individuals into afﬁnity groups that behave like
panmictic populations.9 We applied this program assuming
two, three, four, and ﬁve subpopulations on separate runs with
10,000 burn-in iterations and 10,000 iterations after burn-in. To
determine the most likely number of subpopulations, we used
the likelihood score calculated within the STRUCTURE program
and the recommendations listed in the software documentation.
Selection of a Reference Sample and SNP Filtering
for Remaining Analysis
In order to assess existing population structure and standard popu-
lation genetic parameters, we performed several forms of analysis
on the Qatari sample with the Human Genome Diversity Project
(HGDP) sample data as a reference.10 We chose the HGDP sample
because the data provide genotypes from populations around the
globe, allowing us to construct an informed picture of how the Qa-
tari population sample relates to other human population samples
from several geographic regions. Each data set was ﬁltered to
remove SNPs with minor allele frequency (MAF) less than 5% and
an overall missingness greater than 1%, because these results often
indicate genotyping errors. We then ﬁltered each Qatari group
and HGDP population sample separately for HWE deviations
with p value less than 0.001 in order to remove additional genotyp-
ing errors. By ﬁltering each sample separately, we avoided elimi-
nating SNPs deviating from HWE as a result of the Wahlund
effect, thereby retaining SNPs that deviate from HWE because of
existing population structure and not simply genotyping errors.11
Nonbiallelic SNPs andunmapped SNPswere also removed. Because
the two samples were analyzed on different genotyping platforms,
we limited analysis to the intersection of SNPs between the two18 The American Journal of Human Genetics 87, 17–25, July 9, 2010platforms. However, this complication did not cause signiﬁcant
concern, because the intersection contained 56,972 SNPs, a ﬁgure
sufﬁcient to produce reliable results for most analyses.
Principal Components Analysis for Inference
of Population Afﬁnities
Principal components analysis (PCA) was performed with the
program EIGENSTRAT.12,13 We ran PCA on the Qatari sample
combined with all HGDP samples and plotted all of the samples
onto the resulting principal components. To investigate the possi-
bility of admixture, we also constructed principal components on
a subset of HGDP population samples and subsequently plotted
the Qatari groups onto these principal components. Although
there are alternative interpretations for these PCA plots, one inter-
pretation is that there was recent admixture within the focal pop-
ulation between the two ancestral populations whose points
appear in clusters that ﬂank the focal population when projected
on the principal components.14 Other interpretations include
genetic drift between subpopulations, but this interpretation is
only considered to be likely when the ancestral populations
contribute the same proportions of ancestry to each subgroup.15
Inference of Pairwise IBD Blocks
As a ﬁrst-pass inference of regions of the genome within each
individual that are IBD, we applied PLINK to ﬁnd these regions
of homozygosity. This approach identiﬁes spans of homozygosity
within single individuals that may be consistent with considerable
levels of autozygosity and quantiﬁes the range of interindividual
variation in this feature.
Correlations between Genetic Ancestry and Surname
Lineage
Surnames of the individuals were sorted with knowledge of the
local provenance of many of the family names into bins labeled
‘‘Arab,’’ ‘‘African,’’ ‘‘Asian,’’ and ‘‘Persian’’ as well as some pairwise
ambiguities. Qatar has a small population with few, and usually
common, surnames, but when a name’s origin was in doubt, we
relied on the expertise of Qatar historians or, at last resort, marked
the surname as unclassiﬁed. These coded bins were then tallied by
frequency in the three Qatari subgroups that had been identiﬁed
by the STRUCTURE analysis. To assess the signiﬁcance of the
correlation between surnames and genetic ancestry, we created
two binary distancematrices, one for surname origins and another
for genetic subgroups, and submitted these matrices to the R
package Mantel.16
Patterns of Decay of Linkage Disequilibrium
After using the intersection of ﬁltered SNP sets for all population
samples, we measured linkage disequilibrium (LD) by using the
PLINK –r2 command to estimate the correlations between each
marker pair genome-wide within each sample group. The correla-
tion between SNPs as calculated by PLINK is a measure of the
correlation between genotypes, as represented by minor allele
counts, rather than haplotypes, as r2 is usually portrayed. This
change is purely for computational efﬁciency, because calculations
for haplotype correlations are signiﬁcantly slower than for geno-
type correlations and would become unwieldy genome-wide.
However, these two values of r2 do not differ signiﬁcantly.8 To
further increase efﬁciency, we limited the comparisons to SNPs
less than 500 Mb apart. After binning these estimates by kilobase
and averaging the estimates in each bin, we compared the
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Figure 1. STRUCTURE Results
Analysis of admixture with the program STRUCTURE assuming
two, three, four, and ﬁve subpopulations. The plot represents
each individual as a thin vertical column. The proportion of each
color in each column indicates the proportion of an individual’s
genome originating from one particular (but arbitrarily colored)
subpopulation. For k ¼ 3, we arbitrarily labeled these subpopula-
tions Qatar1 (red), Qatar2 (blue), and Qatar3 (green) and assigned
each individual to a subpopulation based on plurality.
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Figure 2. Principal Components Analysis of HGDP and Qatari
samples
Principal components analysis plot of Qatar1, Qatar2, and Qatar3
(as deﬁned by the STRUCTURE analysis in Figure 1) and popula-
tion samples from the Human Genomic Diversity Project
(HGDP). Qatar1 clusters well with other Middle Eastern samples.
Qatar2 spreads away from the Middle Eastern cluster toward the
Asian samples. Qatar3 spreads away from the Middle Easterncalculated correlations between SNP pairs and the respective
distance between the SNP pairs for all population samples.cluster toward the African samples. The interdigitation of the
Qatar2 and Qatar3 samples could indicate recent admixture.Results
Analysis of the Qatari sample reveals three distinct subpop-
ulations that differ in proportions of ancestral populations,
degree of consanguinity, runs of homozygosity, and rate of
LD decay. The ancestry of the three groups corresponds
well with an Arabic group, an Asian group, and an admixed
African group with other population genetic features
resembling their respective ancestral populations. Further-
more, the origin of each subgroup correlates well with
origin of the surnames of the individuals in each group.
Inference of Population Substructure within Qatar
Runs of the program STRUCTURE have been widely
applied to provide an unsupervised clustering of individ-
uals into afﬁnity groups, each of which approximates
amultilocus panmictic collection of genotypes.9 In a popu-
lation that is suspected of having a high level of consan-
guinity, we need to proceed with caution. At ﬁrst we
attempted to use an extension of STRUCTURE that is
designed speciﬁcally for an inbred population, but this
turned out to be suitable only for highly inbred, partially
selﬁng organisms, and results were not satisfactory.17
When we used STRUCTURE, the results were quite reason-
able. As is often done, we ran the program with different
prior guesses at the number of subgroups, including 2, 3,
4, and 5. The results are plotted as in previous STRUCTURE
analyses and appear in Figure 1.18,19 The k ¼ 3 and
k ¼ 4 models ﬁt best to the data with similar likelihood
scores. Following parsimony and recommendations inThthe STRUCTURE software documentation, we took the
k ¼ 3 run and separated individuals into three groups
according to the STRUCTURE clustering.
We next turned to PCA as a means of identifying not
only the afﬁnities among these three groups of Qatari indi-
viduals but their relations to other human population
groups. For the latter, we used the data from the HGDP,
a collection of over 1000 individuals from 52 population
groups spaced across the globe.10 We ﬁrst displayed the
three Qatari subgroups in relation to the major human
population groups (Figure 2). The three primary clusters
of the Qatari are visually conﬁrmed in the PCA plots. There
is a very clear coclustering of the Qatar1 group with the
Middle East group. Qatar2 tends to show a greater afﬁnity
with Asian samples, although it is much more dispersed
and partially overlaps with a few of the Qatar1 individuals.
Qatar3 is the most strongly African and also has the great-
est dispersion, much like PCA plots of African Americans.20
We further explored the relationships between the pop-
ulation samples by plotting smaller groupings of the
HGDP populations and then displaying the Qatari samples
with respect to the PCA loadings inferred from only
the selected HGDP populations. This approach allowed
us to investigate the unknown provenance of the Qatari
samples with respect to the known HGDP samples as
well as to observe the extent of admixture, if any, in
the Qatari samples. This analysis showed again the tight
clustering of the Middle East samples with the Qatar1e American Journal of Human Genetics 87, 17–25, July 9, 2010 19
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Figure 3. Principal Components Analysis Plots Revealing Relations to the HGDP Samples and the Extent of Qatari Subgroup
Admixture
(A) Principal components were calculated based on all HGDP populations and the Qatari data. Only Qatari data and HGDP Middle
Eastern samples are graphed on this plot. Qatar1 clusters well with the other Middle Eastern populations, whereas Qatar2 creates a small
cluster slightly removed from Qatar1 and the other Middle Eastern samples. Qatar3 does not form a deﬁnite cluster and is far removed
from the main Middle Eastern cluster.
(B) Principal components were calculated only on Chinese and sub-Saharan African population samples. Qatari groups were then
graphed on the plot by using the principal components but were not used in the calculation of the principal components. The Qatar1
and Qatar2 groups cluster directly on top of the other Middle Eastern samples, which spread between the African and Asian groups.
Qatar3 spreads between the Middle Eastern samples and the African samples.
(C) Principal components were calculated only on sub-Saharan African andMiddle Eastern populations. Qatari groups were then plotted
onto these principal components. The Qatar3 group shows possible signs of admixture between the Middle Eastern cluster and the
African population, whereas the Qatar1 and Qatar2 groups cluster well with the other Middle Eastern populations.
(D) Principal components were calculated only on Chinese andMiddle Eastern populations. Qatari groups were then plotted onto these
principal components. The Qatar2 group shows a few individuals who demonstrate signs of admixture between the Middle Eastern
samples and the Chinese samples but mostly cluster with the other Middle Easterners.subgroup and the spreading of both Qatar2 and Qatar3
from this primary cluster (Figure 3A). The Qatar2 group
stretches out slightly from the Middle Eastern populations
to the Asian populations, whereas Qatar3 extends substan-
tially toward African populations (Figure 3B). Figure 3C
includes only the Qatari samples with Middle Eastern
and African samples of HGDP and robustly shows the
same result. Finally, Qatar2 has clear afﬁnity with Asian
populations, both when all of the HGDP Asian samples
are included (Figure 2) and when only Chinese samples
are included (Figure 3D), with the closest Asian group20 The American Journal of Human Genetics 87, 17–25, July 9, 2010being the Uyghur. In sum, the impact of trade along the
axis from the Persian Gulf to the Indian Ocean is evident
in the genetic makeup of present-day Qatar.
Consanguinity and Runs of Homozygosity
For each individual in the sample, we calculated Wright’s
inbreeding coefﬁcient (f) from the allele frequencies in
each population group and the homozygosity of the indi-
vidual in question. The f coefﬁcient calculated by PLINK is
based on the number of observed and expected homozy-
gous sites across the genome of each individual given the
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Figure 4. Distribution of the Degree of Consanguinity in Each
Qatari Subgroup
The distributions of consanguinity are signiﬁcantly different
across the three Qatari subgroups. Qatar1 shows the highest
degree of consanguinity, whereas every individual in Qatar3 has
an unusually low level of consanguinity. Two tests of the statistical
signiﬁcance of differences in consanguinity among these groups
were performed: Kruskal-Wallis test, p < 0.001; analysis of vari-
ance, p < 0.001.
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Figure 5. Analysis of the Degree of Consanguinity across the
Qatari Subgroups as Compared to the HGDP Bedouin Sample
Quantile-quantile plot comparing the Wright’s inbreeding coefﬁ-
cient (f) as calculated with PLINK for each individual in each
Qatari subgroup with the coefﬁcients of each individual in the
HGDP Bedouin sample. The plot indicates that the Qatar1
subgroup contains individuals with higher levels of consanguinity
than individuals in the Bedouin sample. The Qatar2 subgroup
contains individuals with a lesser degree of consanguinity (the
trend of points below the diagonal) compared to individuals in
the Bedouin sample, although there are two outlying individuals
with unusually high consanguinity. Finally, the Qatar3 subgroup
appears to be far less consanguineous than the Bedouin sample.allele frequencies of each locus in the genome. Details on
the calculation are given in the original PLINK paper.8
Calculating f permitted us to assess the distributions of
the degree of inbreeding for each Qatari population
subgroup (Figure 4). Qatar1 shows a distribution akin to
that seen in other Arab populations, with more than
10% of the sample having an inbreeding coefﬁcient higher
than that of offspring of ﬁrst cousins (f ¼ 0.125). But even
though some individuals display signiﬁcant consan-
guinity, there are nevertheless many individuals that
appear to have no signature of inbreeding at all. Qatar2
shows a much lower level of consanguinity. Surprisingly,
Qatar3 has a marked tendency toward negative f values,
consistent with a pattern of marriage following the trends
of negative assortative mating.11 The magnitude of the
negative f coefﬁcients is surprising and exceeds that seen
in African Americans.21 Applying the Wilcoxon signed-
rank test as implemented in the R statistical package, the
f values for the Qatar3 group are signiﬁcantly skewed
toward values less than 0 (p ¼ 7.64 3 106).
A quantile-quantile plot indicates how the degree of con-
sanguinity compares to the HGDP sample for Bedouins, a
group known to practice frequent ﬁrst-cousin marriages
(Figure 5).22 There exists a good correspondence, apart
from two individuals who appear more strongly consan-
guineous than any of the Bedouin samples, betweenQatar1
and the Bedouins. Sample size is taken into account when
creatingquantile-quantile plots in that quantiles for smallerThsamples are interpolated to match those of larger data sets,
so the outliers are probably not due to differences in sample
size.23 When examining runs of homozygosity, these two
individuals have higher fractions of their genome con-
tained in the runs when compared to the mean Qatari f,
further supporting the idea that these individuals arehighly
consanguineous. However, there appears to be some trend
toward less consanguinity for most Qatar2 individuals,
even though this group also contains a few highly inbred
individuals. Similar to what was seen in the previous histo-
grams, the Qatar3 subgroup is remarkably nonconsangui-
neous relative to the Bedouin sample.
PLINK is able to identify runs of homozygosity, and,
with a few assumptions, these runs of ‘‘identity by state’’
can be equated to runs of ‘‘identity by descent.’’ The impli-
cation is that the level of consanguinity may drive large
portions of the genome to have descended from a single
common ancestor several generations in the past. The
contrast between the pattern of IBD sharing in the Qatari
and the European American samples (Figure 6A) is striking,
especially in the variance between samples of each data set.
The European American samples are much more even in
the regions of IBD, lacking both tails of the distribution
borne by the Qatari, which contain some samples with
a relative surplus and others with a remarkable paucity of
IBD regions. Plots of the spans of homozygosity showe American Journal of Human Genetics 87, 17–25, July 9, 2010 21
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Figure 6. Spans of Genomes that Are
Homozygous
(A) The fraction of each individual’s
genome that is contained within runs of
homozygosity is plotted as a histogram for
a sample of approximately 150 Qataris and
150 European Americans. The minimum
length of each is 1000 kb or 100 SNPs. The
Qataris exhibit greater variance in homozy-
gosity relative to the European Americans.
(B) Runs of homozygosity for a single
Qatari individual. The x axis is the position
along a chromosome (0250 Mbp), and
the y axis is the chromosome number.
Each red segment represents a block of
sequence in which SNP marker genotypes
are homozygous.
Figure 7. Surnames and Genetic Classifications
Composition of surnames within each of the three Qatari groups is
indicated by color coding according to surname frequency within
those groups. The genetic classiﬁcation of Qatar1, Qatar2, and
Qatar3 is signiﬁcantly correlated with surname origins (Mantel
test, p < 0.0001).that the Qatari sample has a wide range of homozygous
blocks (Figure 6B), consistent with the variance in the
degree of consanguinity (Figure 4).
Correlations between Genetic Ancestry and Surname
Lineage
A Mantel test comparing Qatari subgroups and surname
origins indicates highly signiﬁcant (p ¼ 0.0001) correla-
tions across the three population groups in the frequency
of these name classiﬁcations, with the Qatar1 population
having mostly Arab surnames, the Qatar2 population
having a large Persian component, and the Qatar3 popula-
tion appearing to be the most diverse and having the
largest African component (Figure 7). In general, the
genetics and this broad surname analysis appeared to be
concordant.
Decay of Linkage Disequilibrium
Pairwise linkage disequilibrium among pairs of SNPs is
a fairly sensitive indicator of the past history of recombina-
tion and genetic drift. When we tallied the pairwise r2
for SNP pairs, binned them by distance in base pairs sepa-
rating the SNPs along the genome (out to a maximum of
70 kb), and plotted the bin averages for each of the three
Qatari subgroups, we see a strong difference among each
group. In particular, the Qatar1 group shows the slowest
decay of LD, in keeping with its identity as largely Arab
and consistent with its history of consanguinity. In fact,
Qatar1 has a rate of LD decay even slower than the
HGDP Bedouin sample (Figure 8A). Care was taken to
perform these comparisons with subsamples of the same
sample size, because it is known that larger samples iden-22 The American Journal of Human Genetics 87, 17–25, July 9, 2010tify more recombinants and skew
the LD downward.24 In the Qatar3
subgroup, the pattern of LD decay is
similar to that seen in African samples
of the HGDP (Figure 8B). LD is known
to decay faster in Africans, most likely
as a result of the larger andmore long-
term effective population size inAfrica, and the fact that this population did not pass
through an out-of-Africa bottleneck.25 In sum, there is
little surprise that Qatar3, whose genetic afﬁnity with the
African populations had been identiﬁed by PCA, also
shows a pattern of LD decay similar to that of Africans.
Discussion
The primary ﬁnding of the present report is that genetic
variation among the current Qatari population is remark-
ably structured, and that this deep structure has been
driven by historical migration and settlement in the area.
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Figure 8. Linkage Disequilibrium Decay across the Genomes of the Qatari Subgroups and Two HGDP Population Samples
(A) Linkage disequilibrium (LD) for pairs of SNPs less than 70 kb apart was calculated as the squared correlation coefﬁcient (r2). Calcu-
lations were performed on a standard sample size (n ¼ 5) of randomly selected individuals in each Qatari group. SNP pairs were parti-
tioned into bins in 1 kb intervals, and for each bin the mean r2 was plotted. The Qatar1 group has the highest LD, consistent with their
higher degree of consanguinity. Qatar2 is intermediate, and the Qatar3 group has the lowest LD between SNPs, consistent with a large
African component in their genome. The Bedouin HGDP population sample appears to fall between that of the Qatar1 and Qatar2
groups.
(B) The decay of LD of the three Qatari samples is replotted here along with the Bantu South African sample of the HGDP set. The LD
decay of the Bantu South African population sample overlaps with that of Qatar3, consistent with the Qatar3 sample being of largely
African origin.We ﬁnd that the Qatari can be largely divided into three
primary afﬁnity groups: one that is of Arab origin and
may be descendants of the Bedouin tribes, another that
has strong afﬁnity with Iranian (‘‘Persian’’) and other
more eastern populations, including those of Central
Asia (such as the Uyghur), and a third that has strong
afﬁnity with Bantu-speaking Africans. The latter two
groups show strong patterns of admixture, with individ-
uals showing a continuous spread of genetic afﬁnity from
the Middle Eastern toward the Asian and African popula-
tions, respectively. The three groups demonstrate a strong
correlation with family name that supports the local narra-
tive on population history.
There is not a great wealth of literature on the genetic
structure of the Qatari against which we can compare the
present ﬁndings. A few studies have established some
features of other Middle Eastern population samples, and
the studies of the population of Saudi Arabia have
advanced well. Previous studies examined the pattern of
mtDNA variation in a Saudi sample, with a focus on testing
whether the Arabian Peninsula is peopled by remnants of
the expansion out of Africa some 150,000 years ago.26
The mtDNA lineages, because of their lack of recombina-
tion, retain clear information about maternal lineages,
but because they do not recombine, they represent only
one sampling of the myriad genealogical processes that
occurred. The Saudi samples possessed both African line-
ages (20%) and eastern lineages (e.g., matching India
and Central Asia) (18%), but the bulk was from a more
northern origin (62%). This result suggests that, like the
Qatari population, the Saudi population harbors a diverse
array of genetic contributions following centuries of active
trade and is not simply a relic of the ancient out-of-AfricaThmigration. Patterns of Y chromosome variation are largely
consistent with the mtDNA.27
The pattern of historical inﬂux and admixture in
Qatar is strongly different from patterns seen in Europe,
where there is a remarkably clear pattern of isolation by
distance.28–30 Even India, which also has had much popu-
lation movement and a strong impact of caste structure,
retains a strong geographical component to its genetic
structuring.31 Historical patterns of migration and trade
seem to dominate the pattern of inﬂux of genetic variation
into the Qatar peninsula, and the drive to the trading
centers and large expanses of desert result in an abolition
of patterns of isolation by distance. In this context, our
primary ﬁnding of three distinct groups appears to match
well with Qatar’s migratory history.
The pattern of consanguinity, particularly the accepted
practice of ﬁrst-cousin marriages, has resulted in a high
level of consanguinity and, as importantly, a huge interin-
dividual range of variation in IBD sharing among the
people of Qatar. The pattern of consanguinity is radically
different among the three subgroups that we identiﬁed.
These population-level ﬁndings have immediate and
profound consequences for the practice ofmedical genetics
in Qatar, and for the design and implementation of associ-
ation testing in the future. The population is remarkably
heterogeneous and structured. Ignoring this structure will
lead to errors, both in individual diagnosis and in popula-
tion-wide inference of SNPs that inﬂate risk of disease. It is
also likely that these observations will be important in
determining the genetic components involved in efﬁcacy
and adverse effects of pharmaceuticals in the different
Qatari subpopulations. Such studies need to be conducted
in the context of the knowledge of which subgroup eache American Journal of Human Genetics 87, 17–25, July 9, 2010 23
individual has the strongest genetic afﬁnitywith in order to
draw accurate conclusions.Supplemental Data
Supplemental Data include two ﬁgures and Affymetrix 500k SNP
genotype data of the Qatari population sample in PLINK format
and can be found with this article online at http://www.cell.
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